ABSTRACT
INTRODUCTION
Soybean is the oilseed crop that occupies the largest area in the world and represents 60% of oilseed production (Sudaric et al. 2008) . It is one of the main sources of vegetable oil. Brazil has the large diversity and yield of crops that can be used to produce vegetable oil, opening a unique opportunity for a new energy alternative, biofuels. Of the five top cultures with the huge potential for the production of biodiesel (oil palm, canola, castor bean, peanut and soybean), in the short term, soybean presents the best perspective, because it yields an average 0.6 t.ha -1 of oil (in a four month period) and because it already has logistic, industrial, storage and distribution networks in place. Furthermore, another product extracted in the process of crushing the grain is the meal, the main source of protein for animal feed (Brieu and Parente 2009 ). In the germplasm banks, the phenotypic variability is large for oil content, from 6 to 27%. Brazilian cultivars have the seeds with oil content of 18 to 25% with an average of 20%. Therefore, it is possible to obtain, through crosses and selection, new soybean genotypes with higher oil content in the seeds. Farias Neto and Vello (2001) reported that the predominance of genetic additive variance indicated the possibility of obtaining transgressive segregants for oil content. Sudden death syndrome (SDS), caused by Fusarium solani f. sp. glycines, is a root disease that, despite being present in some areas of Brazil since the 1980's, has only started to cause serious losses in the 1990's. Therefore, the use of resistant cultivars is a fundamental component in the integrated management of SDS. Due to the probable polygenic nature of genetic resistance to this disease and the large environmental influence in the manifestation of symptoms, coupled with the fact that there are no efficient chemical or cultural methods of control, SDS has become a major concern to soybean farmers and researchers in the regions where it occurs (Fronza et al. 2004 ). Because of the demand from the oil-chemistry industry and, recently, with the possibility of using soybean oil as a biofuel, it has become fundamental to develop new genetic material with a higher oil yield and also tolerance to the main root diseases. One recommended strategy is the adoption of an integrated management system in which the utilization of resistant/tolerant cultivars is an indispensable component. Therefore, the objective of this work was to evaluate through a partial diallel the combining ability of 14 soybean parents and their superior combinations. Vello (1992) . The parents used are shown in Table 1 . Federer (1956) . The evaluated traits were: the number of day to maturity (NDM), which comprehended the period between the planting and the date when the plants reached the R 8 stage; grain yield (GY) in g.plant -1 , evaluated at maturity; oil content in the seed (% OC), which was evaluated using the nuclear magnetic resonance (NMR) (the evaluation of oil content in F 3 seeds was interpreted as being correspondent to F 2 plant performance due to the nuclear maternal inheritance of the character, Miranda et al. 1984) ; oil yield (OY) in g.plant -1 , obtained as the product of grain yield and oil content in the seeds divided by 100 (g plant -1 ). The analyses of the data were carried out using the SAS® computer package (Statistical Analysis System) (SAS Institute Inc 1999) and also the GENES computer package (Cruz 2006) . With the means adjusted, if necessary, the analyses of variance were performed according to the randomized complete-block design with more than one plant evaluated per plot (Ramalho et al. 2005) . The statistical procedures adopted for the analyses of variance also involved the unfolding of the genotype source of variation into the parents, crosses and the parent vs. crosses contrast. From the means obtained for all the traits, a diallel analysis was performed according to model 2 (Griffing 1956 ), involving the parents and F 1 's without reciprocals (Geraldi and Miranda Filho 1988 ) for a partial diallel in which the general combining ability (GCA) and specific combining ability (SCA) were estimated to predict the potential and combining ability of the crosses. The comparison of means was made through the means grouping by the Scott and Knott (1974) method.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
An analysis of variance was performed to verify the check effects in the proposed design. The purpose of adjusting using common checks is to reduce the residual standard deviation and increase the experimental precision (Pimentel Gomes 2000) . The source of variation sets was significant (p<0.01 and p<0.05) for the NDM and GY traits, respectively. Therefore, it was necessary to adjust the means through an environmental correction for those traits. After adjusting the data, an analysis of variance was performed in randomized completeblock design with the information within the plot of F 2 plants and parents, evaluated in hills ( Table  2 ). The coefficients of variation were 1.9, 12.5, 2.7 and 14.2% for the traits NDM, GY, OC and OY, respectively, and were similar to those in the literature (Lopes et al. 2002 and Vieira 2009 Notes: * and ** significant at 5 and 1% probability, respectively, for the F test.
The sources of variation parents (P) and crosses (C) between the plots were significant (p<0.01), using the F test for all the traits evaluated, showing variability in the parents and crosses. The contrast P vs. C was significant only for the GY trait, with crosses being superior to parents, having a higher mean. With this, it was possible to obtain progenies that were superior to the parents, transgressive genotypes. Lopes et al. (2002) also reported that F 2 plants were more productive than the parents while evaluating soybean genotypes in the Anhembi Experimental Station, which also belonged to ESALQ. Table 3 presents the comparison of the means of the parents and crosses with the Scott-Knott test in the F 2 generation for all the traits evaluated. In relation to the NDM trait in group 1, the earliest maturing parent in the whole experiment was PI 520.733 (5). PI's usually did not have the same adaptation as selected genotypes indicated for the region. In this study, this PI was statistically different, through the Scott-Knott test at 5% probability, from all the other parents and crosses and was grouped separately. In group 2, the earliest maturing parent was the line USP 70004 (10), which presented the same mean as the crosses between PI 520.733 (5) with the genotypes USP 70006 (8), USP 70109 (11) and A 7002 (13). The earliest maturing crosses were the ones that involved PI 520.733 (5) with the lines USP 70123 (14), USP 70057 (9), USP 70004 (10) and USP 70080 (12). The late maturing parents were A 7002 (13) from group 2 and USP 14-07-05 (3) and USP 14-01-20 (2) from group 1; they did not statistically differ from each other and did not also differ from the crosses USP 14-07-05 (3) X USP 70123 (14), USP 14-01-20 (2) X USP 70006 (8) and the crosses of cultivar A 7002 (13) with the genotypes M-Soy 8001 (7), USP 14-13-16 (4), USP 14-10-38 (1) and USP 14-07-05 (3). In general, crosses with the PI generated early maturing progenies, while crosses with the parent A 7002 (13) originated late maturing progenies, with exception to its cross with the PI. For the traits GY and OY, the parents with the highest values per se were USP 14-01-20 (2) (group 1) and USP 70080 (12) (group 2). The crosses that stood out for these traits, but did not statistically differ from these parents were the crosses that involved the USP 14-01-20 (2) with the genotypes USP 70080 (12), USP 70109 (11) and A 7002 (13); the line USP 70080 (12) with USP 14-10-38 (1) and USP 14-07-05 (3); and the cross USP 70123 (14) x USP 14-07-05 (3). This last one could be an indicator of a good specific combining ability. The parent with the lowest mean for GY and OY was PI 520.733 (5), which statistically differsed from all the other parents and crosses. The crosses with the lowest means also involved PI 520.733 (5) with the lines USP 70057 (9), USP 70006 (8) and USP 70123 (14). Some crosses such as USP 14-13-16 (4) x A 7002 (13), M-Soy 8001 (7) x USP 70004 (10), M-Soy 8001 (7) x USP 70080 (12) and M-Soy 8001 (7) x A 7002 (13) stood out because they were present in the grouping with the highest means for OY but not for GY. This was due to high oil contents in these crosses. The trait OC, the parents from group 2, selected for the diallel, which possessed the genes for high oil content, had the highest means, with the exception of parents USP 70080 (12) and USP 70123 (14). Parent A 7002 (13) had the highest mean (23.90%) and was statistically different from all the parents and crosses. The parents with the lowest means for OC were PI 520.733 (5) with 17.66% and IAC 100 (6) with 17.99%. The crosses with the highest mean values for OC were those that involved parent A 7002 (13), except when it was crossed to IAC 100 (6), and the cross USP 14-07-05 (3) x USP 70080 (12). The crosses with the lowest means were those that involved parent IAC 100 (6), except when it was crossed to cultivar A 7002 (13), and also the crosses PI 520.733 (5) x USP 70123 (14) and PI 520.733 (5) x USP 70006 (8). Table 4 shows the analysis of variance of the partial diallel for all the traits evaluated. It was concluded that the additive variance, expressed by the mean squares of the GCA, was comparatively higher than the non-additive variance. However, the non-additive effects and the additive effects manifest between the parents in groups 1 and 2 were also significant. The GCA is of great importance to the breeders that work with autogamous plants because if there is additive variance, it will contribute to selection progress and will be present in subsequent generations. Notes:** significant at 1% probability, by the F test.
The formation of base-populations from genetically superior parents from two groups was viable and should deliver satisfactory gains through the selection of individuals in segregating generations.
The GCA occurs mainly due to additive variance and additive x additive epistatic variance and the SCA results from the dominance genetic variance. This showed that for the expression of the evaluated traits, the additive, dominance and probably epistatic variances were important. According to Assman (1999), significant F values for GCA and SCA indicated the existence of variability due to additive and non-additive gene action, respectively. In general, comparing Table 3 to Tables 5, 6 , 7 and 8, the order of the parents based on the means was similar to the order based on the estimated effects of GCA for all the traits. In other words, the per se development of the parents was indicative of their g i effects in such a way that when this association was true it was easier to correctly select the parents (Lopes et al. 2002) . This corroborated breeder's practice of selecting parents with high means to cross. In relation to the NDM trait, the parents with the highest g i effects were USP 14-07-05 (3) and USP 14-01-20 (2) for group 1 and A 7002 (13) and USP 70006 (8) for group 2. These parents contributed the most for obtaining late maturity plants. Parent PI 520.733 (5) (group 1) and USP 70004 (10) and USP 70109 (11) (group 2) contributed the most to early maturity and had a negative g i effect (Table  5) . For the GY trait, the GCA data (Table 6 ) corroborated the data obtained from the means (Table 3) , because the two highest values of GCA, USP 14-01-20 (2) and USP 70080 (12) were also the highest means in the Scott-Knott test. In group 1, the extreme negative effect of PI in the trait stood out, indicating that this genotype had fewer adapted alleles than the other parents. On the other hand, IAC 100 was the only other parent in the group with a negative effect, mainly due to its insect resistance and not productive performance. In group 2, USP 70080 (12) was the most promising parent because it presented the highest concentration of favorable alleles for grain yield. In relation to the OC trait (Table 7) , the parents with the highest g i effects were USP 14-01-20 (2) and USP 14-07-05 (3) for group 1 and A 7002 (13) and USP 70109 (11) for group 2. The parents IAC 100 (6) and PI 520.733 (5) (group 1) and USP 70006 (8) and USP 70123 (14) (group 2) had the lowest amount of favorable alleles for oil content in the seeds, presenting negative g i effects.
For the OY trait (Table 8) , the parent that contributed the most for obtaining high oil yield and that had the highest amount of favorable alleles (higher g i effects) were, respectively, in group 1, USP 14-01-20 (2), M-Soy 8001 (7) and USP 14-10-38 (1) and, in group 2, USP 70080 (12), followed by A 7002 (13). The parents that least contributed to oil yield were, respectively, PI 520.733 (5) and IAC 100 (6) (group 1), as well as USP 70057 (9) and USP 70004 (10) (group 2), presenting negative g i effects. Table 7 -Estimates of the effects of General Combing Ability (GCA) and Specific Combing Ability (SCA) using Griffing, method 2, adapted by Geraldi and Miranda Filho (1988) , F 2 generation, using hills, for oil content (% (13) and USP 14-01-20 (2), respectively, while the crosses with the lowest estimates for s ij (worst SCA) were USP 14-13-16 (4) x USP 70109 (11), followed by USP 14-10-38 (1) x USP 70006 (8) and USP 14-07-05 (3) x USP 70004 (10). Some crosses had parents with g i's of opposite signs, whose combination resulted in a high s ij , such as M-Soy 8001 (7) x USP 70004 (10) for GY; PI 520.733 (5) x USP 70109 (11) for OC; USP 14-01-20 (2) x USP 70109 (11) for OY, as well as PI 520.733 (5) x A 7002 (13) for these three traits. This fact was important because these combinations could generate transgressive segregants, if the additive effect of one parent and the epistatic effects complementary from the other parent acted in the same direction for the maximum expression of the traits (Sharma and Phul 1994) . In relation to the SCA of parent i with himself (s ii and s jj ), these estimates had an important genetic meaning in sign and magnitude. A negative sign indicated the existence of positive dominance. The magnitude of s ii was an indicator of genetic divergence of parent i in relation to the group of the other parents being tested in the diallel. Therefore, the higher the s ii effect in absolute value the further the allelic frequency of parent i would be from the mean allelic frequency of the parents and, consequently, the higher the divergence in relation to the others (Cruz and Regazzi 1997) .
The parents USP 14-10-38 (1), PI 520.733 (5) and USP 70057 (9) had negative s ii , in other words, positive dominance for most traits evaluated, except for OC in USP 14-10-38 (1); for NDM in PI 520.733 (5), as well as for OY in USP 70057 (9). On the other hand, parents USP 14-01-20 (2), USP 14-07-05 (3), IAC 100 (6), USP 70080 (12) and USP 70123 (14) presented positive s ii for most traits evaluated, except for GY in USP 14-01-20 (2) and USP 14-07-05 (3); for NDM in IAC 100 (6) and USP 70123 (14) and for OY in USP 70080 (12). The most divergent parents, which presented positive dominance, in other words, with a highly negative s ii were, respectively, USP 7004 (10) and IAC 100 (6) for the trait NDM; A 7002 (13) and USP 14-10-38 (1) for GY; PI 520.733 (5) and USP 70080 (12) for OC, as well as A 7002 (13) and PI 520.733 (5) for the OY trait. On the other hand, the least divergent parents with negative dominance (low and positive s ii ) for the traits NDM, GY, OC and OY were, respectively, USP 14-01-20 (2) and USP 14-07-05 (3); USP 70123 (14) and IAC 100 (6); USP 70123 (14) and A 7002 (13); USP 70109 (11) and USP 14-01-20 (2). It would be important to highlight that although the most promising crosses had the possibility of generating the lines with good agronomic characteristics for the evaluated traits (NDM, GY, OC and OY), they should be still tested for their ability to combine these traits with SDS resistance and characterize them.
CONCLUSION
There was variability in the parents and progeny for all the traits evaluated. The additive and dominance genetic effects were both important. However, the additive variance was comparatively higher than the non-additive variance, indicating the possibility of obtaining transgressive segregants for the evaluated traits. The parent with the highest general combining ability and highest mean for oil content was the cultivar A 7002. The lowest values were found in PI 520733 and IAC 100. The crosses with the highest oil yields were those that involved parent A 7002, except when it was crossed with IAC 100.
